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ABSTRACT 
Objective: To determine resistance profiles of bacteria isolated from chicken droppings.  
Methods: It was a cross-sectional study involving collection of fresh chicken droppings from 100 chickens from 13 localities; followed by 
microbiological analysis using standard procedures. Multiple antibiotic resistance indices (MAR) were also determined for each of the isolated 
bacteria.  
Results: A total of 188 bacteria were isolated and subjected to susceptibility testing against 9 commonly used antibiotics. All tested bacteria 
exhibited multiple resistance to the antibiotics with MAR rates in this order Escherichia coli>Pseudomonas aeruginosa>Klebsiella 
pneumoniae>Staphylococcus aureus. More than half of P. aeruginosa and Salmonella typhi isolates were resistant to Ceftriaxone and Amikacin, while 
77% of K. pneumoniae isolates were resistant to Chloramphenicol.  
Conclusion: High rates of antibiotic resistance were observed to clinically used antibiotics among the isolated bacteria; suggesting that chicken 
rearing may serve as the reservoir of antibacterial resistant bacteria transmissible to human through the food chain. 
Keywords: Chicken feces, Bacterial isolates, Multiple antibiotic resistance index. 
 
INTRODUCTION 
Chicken meat is the second most eaten worldwide after pork [1]. 
Chicken husbandry is a popular business in Tanzania and thus 
chicken meat is readily available in the market. During chicken 
slaughtering, carcasses can be contaminated with fecal matters from 
the chicken’s intestines. Bacterial infections due to Escherichia coli 
and Salmonella
In practice, chickens are given antibiotics for either treatment or 
prophylaxis of infections, and for growth promotion to increase 
profits. These antibiotics belong to similar chemical categories to 
those used for treatment of microbial human infections. This raises 
concern on the possibility of human cross-infecting with chicken-
infecting bacteria or the later transferring resistance traits to 
bacterial population that causes human infections [6-9]. 
 spp have been contracted through such process or 
consumption of under cooked chicken meat [2-5].  
Previous studies have identified different types of bacteria in chicken 
meat and shown high antimicrobial resistance rates [10-15]. The present 
study intended to isolate bacteria from chicken fecal materials and 
assess antimicrobial resistance profiles with an ultimate goal of raising 
awareness among chicken keepers and policy makers on judicious use of 
antibiotics to prevent further spread of antibiotic resistance. 
MATERIALS AND METHODS 
Sample collection, Isolation and Identification of microorganisms 
Samples of fresh chicken droppings were collected from chicken keepers 
residing in 13 localities situated within 3 municipalities namely Ilala, 
Temeke and Kinondoni. The localities where situated within a radius of 
30 kilometers from Dar es Salaam City center [fig. 1]. The samples were 
collected by using sterile spatula and deposited into closed sterile bottles 
prior transporting them to our laboratory for further processing, on the 
same day. Five grams of each sample was suspended in about 5 ml of 
sterile normal saline and left for 5 minutes to sediment. Fifty microliters 
of supernatant was drawn and spread-plated onto freshly prepared 
Nutrient agar (Carl Roth, Germany) and incubated overnight at 37ºC. 
Identification of the isolated bacteria was performed using selective and 
differential media and confirmed by biochemical tests as previously 
described [16].  
 
Key: Stars depict the localities where chickens’ droppings were collected 
Fig. 1: The studied areas/localities of Dar es Salaam region 
 
Antibiotic susceptibility and multiple antibiotic resistance 
(MAR) determination 
Each identified bacterial isolate was subjected to antibiotic 
resistance profiling against 9 widely used antibiotic viz. Gentamicin 
(10μg), Ceftrixone (30μg), Amikacin (30μg), and Chloramphenicol 
(30μg)-(Oxoid, United Kingdom); and Ciprofloxacin (5μg), Oxacillin 
(1μg), Co-trimoxazole (25μg) and Erythromycin (15μg) as well as 
Ampicillin (30μg)-(Bioanalyse, Turkey). All assays were performed 
in Mueller-Hinton agar plates (Carl Roth, Germany) using the Kirby-
Bauer disk-diffusion method. Each identified bacterial isolate was 
re-suspended into Ringer’s lactate solution for 2-4 h and compared 
to 0.5 McFarland standard turbidity (equivalent to 1.5×108 colony 
forming unit per millilitre (cfu/ml); prior to subjecting them to 
antibiotic susceptibility analysis as per Clinical Laboratory and 
Standards Institute (CLSI) guidelines [17]. Each of the above 
procedures was done in triplicate for statistical purpose and 
consistency of results; therefore the numerical values are expressed 
as means. Four strains of reference bacteria from the American Type 
Culture Collection (ATCC) namely Escherichia coli (ATCC25922), 
Klebsiella pneumonia (ATCC700603), Pseudomonas aeruginosa 
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(ATCC27853) and Staphylococcus aureus (ATCC 25923) were 
employed as control bacteria. 
Multiple antibiotic resistance (MAR) index was determined using the 
formula MAR=y/x, where y = was total number of antibiotics to which 
test isolate displayed resistance; and x = 
RESULTS  
total number of antibiotics to 
which the test bacteria were evaluated for sensitivity [18]. 
Isolated bacteria from the study areas/localities 
Thirteen localities from the 3 municipalities of Dare s Salaam were 
surveyed [fig. 1]. From those a total of 100 samples of chicken 
droppings were collected, and 188 bacteria were isolated and 
identified. The identified bacteria were comprised of five genera 
namely E. coli, K. pneumonaie, S. typhi, P. aeruginosa and S. aureus. 
Almost 50% of the bacteria were E. coli and 6% was P. aeruginosa 
[table 1]. 
Susceptibility profiles of the isolated bacteria 
The sensitivity patterns of each species of the bacteria to antibiotics 
frequently used for treatment of human ailment were compared to 
that of respective control strains of bacteria as described below:  
Escherichia coli 
Significant differences in IZ were observed between isolates of E. coli 
and the control bacterium/E. coli (ATCC25922) when these were 
tested against Chloramphenicol, Ciprofloxacin and Ceftriaxone (p = 
0.001) as shown in [fig. 2]. The highest resistance rate was exhibited 
against Co-trimoxazole (65.8%) while more than half (69.3%) of the 
E. coli isolates were sensitive to Gentamicin (table 1).  
Klebsiella pneumonia 
Statistical comparison of IZ between isolated bacteria and the 
control bacterium (Klebsiella), revealed significant differences for 
Chloramphenicol (p=0.04) and Co-trimoxazole (p=0.03).  
High antibacterial resistance rate was exerted against Co-
trimoxazole (64%) as compared to 13.3% exerted against 
Gentamicin. Most isolates (73.3%) were sensitive to Ampicillin and 
Ceftriaxone (80%) as shown in [fig. 2] and [table 1]. 
 
 
Fig. 2: Comparison of susceptibility patterns of isolates of E. coli, 
S. typhi and K. pneumoniae to their respective control bacteria. 
  
Table 1: Resistance profiles of the isolated bacteria against the commonly used antibiotics 
Antibiotics Bacteria/Susceptibility Profiles (%) 
ECO (n=82) KLE(n=22) SAL(n=22) PSE(n=18) STA(n=44) 








S(80.6); I(19.4) R(0.0) 
CHL S(18.0); I(42.0); 
R(39.0) 








S(60.0); I(30.9); R(9.1) S(63.5); I(36.5); R(0.0) S(56.4); I(26.7); 
R(15.9) 




S(41.0); I(27); R(32.0) S(6.4);I(32.6); R(61.0) S(10.4); I(44.1); 
R(54.5) 
CEF S(33.4); I(6.6); R(50.0) S(80.0); I(6.4); R(13.6) S(76.4); I(17.6); R(0.0) S(15.4); I(29.1); 
R(55.5) 
S(2.4); I(45.3); R(52.3) 
AMI S(46.3); I(53.7); R(0.0) Nd S(68.3); I(18.1); 
R(13.6) 
S(55.8); (22.0); R(22.2) S(1.4); I(62.8); R(31.8) 
ERY Nd Nd Nd Nd S(30.6); I(19.4); 
R(50.0) 
OXA Nd Nd Nd Nd S(61.0); I(11.0); 
R(28.0) 
CXT S(14.2); I(19.4); 
R(65.8) 
S(14.0); I(9.0); R(64.0) S(28.5); I(14.0); 
R(59.1) 
Nd Nd 
Keys: ECO-E. coli; KLE-K. pneumoniae; SAL-S. typhi; PSE-P. aeruginosa; STA-S. aureus; GEN-Gentamicin; CHL-Chloramphenicol; AMP-Ampicillin; CIP-




Similarly the susceptibility patterns of the isolated Salmonella typhi 
differed significantly from that of control E. coli (ATCC25922) when 
these were tested on Chloramphenicol and Co-trimoxazole with 
p=0.01 and p= 0.003 respectively. The highest resistance rate 
(59.1%) was exerted against Co-trimoxazole while none exhibited 
resistance to Ceftriaxone [table 1].  
Pseudomonas aeruginosa 
Significant differences in IZ were exhibited between the isolates of P. 
aeruginosa in comparison to control P. aeruginosa (ATCC 27853) 
when these were assayed against Chloramphenicol (p=0.001), 
Ceftriaxone and Ciprofloxacin both with p-values of 0.01. The 
highest antibiotic resistance rates were exerted against 
Ciprofloxacin (61%) and Chloramphenicol (56%) as depicted in 
[table 1] and [fig. 3]. 
Staphylococcus aureus 
The highest antibacterial resistance rate exhibited by the 
isolated S. aureus was 54.5% against Ciprofloxacin, and none was 
resistant to Gentamicin as shown in [table 1].  
When the IZ produced by isolates of S. aureus were compared to 
the control bacterium, significant differences were revealed 
against Ceftriaxone (p =0.03), Ciprofloxacin (p =0.01), 
Mwambete. 
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Chloramphenicol (p=0.04), as well as against Amikacin and 
Erythromycin (p=0.02) as shown in [fig. 3]. 
 
Fig. 3: Comparison of susceptibility patterns of isolates of S. 
aureus and P. aeruginosa to their respective control bacteria. 
 
Multiple antibiotic resistance indexing  
The multiple antibiotic resistances (MAR) index was determined as 
the ratio of number of antibiotics to which the bacterium was 
resistant to a total number of antibiotics to which bacterium was 
exposed [19]. MAR index values greater than 0.2 indicated high risk 
source of antibiotic exposure or contamination where antibiotics are 
often used [20]. Calculated MAR [table 2] suggests that almost all the 
test bacteria exhibited multiple antibiotic resistance rates in the 
following order: E. coli>P. aeruginosa>K. pneumoniae>S. aureus. 
DISCUSSION 
Currently, antimicrobial resistance is a major health concern 
worldwide.  
A number of factors attributable to antimicrobial resistance have 
been reported though measures to counteract them are being very 
slowly implemented. Irrational prescription and use of antimicrobial 
agents for human health problems, use of antimicrobial agents in 
agriculture and veterinary medicine have been highlighted as some 
of the main causes of the problem [21-22]. 
The use of antibiotics in poultry birds husbandry for growth 
fastening process, instead of treating or preventing bacterial 
infections, is apparently because of adjustment of intestinal flora 
favoring "good" bacteria while suppressing "bad ones" that provoke 
inflammation of the gut mucosa [23]. This practice was 
acknowledged by majority of chicken keepers interviewed in our 
study. For that matter, feeding chicken with antibiotic-mixed feed 
stuff may play an important role in an emergence of antimicrobial 
resistance in both human and poultry bird populations and/or other 
domestic animals as well as 
The MAR indices determined in this study [table 3] is a good 
indication that a very large proportion of the isolated bacteria had 
been exposed to several antibiotics. Multiple antibiotic resistance 
exhibited by E. coli, S. aureus, and P. aeruginosa isolates is of major 
health concern since these are the main causes of health care facility 
acquired bacterial infections, particularly in immunocompromised 
individuals [24, 25]. 
wild animals that live in proximity to 
human settlements. The bacteria isolated from chicken droppings 
exhibited multiple antibiotic resistances that is a clear indication of 
irrational and irresponsible use of antimicrobial agents, which might 
have an important role in the development of antimicrobial 
resistance, in both human and animals. The most effective 
antibiotics against the isolated bacteria were the Aminoglycosides 
(Gentamicin and Amikacin) followed by Ciprofloxacin; whereas 
Chloramphenicol was the least effective. And, this could be due to 
the fact that Aminoglycosides, particularly Gentamicin is relatively 
more expensive and thus not frequently used in treatment of neither 
human nor veterinary bacterial-associated illnesses. 
 
Table 2: Multiple antibiotic resistance (MAR) indices of isolated bacteria from chicken droppings 
MAR index  Frequency of MAR index (%) 
ECO (n=82) KLE (n=22) SAL (n=22) PSE (n=18) STA (n=44) 
0 7(8.5) 0(0.0) 0(0.0) 3(16.7) 1(2.3) 
0.1 16(19.5) 8(36.4) 9(41.0) 1(5.6) 18(40.9) 
0.2 8(9.8) 4(18.2) 1(4.5) 1(5.6) 2(4.6) 
0.4 19(23.2) 2(9.1) 3(13.6) 4(22.2) 9(20.5) 
0.5 7(8.5) 5(22.7) 0(0.0) 0(0.0) 5(11.4) 
0.6 4(4.8) 0(0.0) 3(13.6) 7(38.9) 0(0.0) 
0.7 13(15.9) 1(4.5) 1(4.5) 2(11.0) 3(6.7) 
0.8 8(9.8) 0(0.0) 0(0.0) 0(0.0) 6(13.6) 
1.0 0(0.0) 2(9.1) 5(22.8) 0(0.0) 0(0.0) 
 
None of the tested antibiotics was effective against all isolated bacteria 
even those with broad antimicrobial spectra. This again, should be 
taken seriously because of poor availability and affordability of 
antimicrobial agents to combat the overwhelming microbial infections 
and other infectious tropical diseases in the country. Moreover, most 
Tanzanians cannot afford to buy new generation of antibiotics that are 
usually more effective but also expensive. Consequently, in most cases 
they are obliged to empirically use ineffective antibiotics, which are 
available and most importantly affordable. This has a serious health 
impacts on patients as could spell to exacerbate development of 
antibiotic resistance that may ultimately lead to death. 
Five genera of bacteria were isolated from chicken droppings in the 
present study namely E. coli, K. pneumoniae, S. typhi, P. aeruginosa 
and S. aureus; though their bioburden differed significantly of which 
was not a scope of this study; most of the bacteria are human 
opportunistic pathogens. Of the isolated bacteria, E. coli constituted 
the largest fraction in comparison to other enteric bacteria as it is a 
natural inhabitant of the intestinal tracts of humans and warm-
blooded animals; and thus it is used as an indicator bacterium for 
enteric zoonotic agent and for its faster acquisition of antimicrobial 
resistance than other conventional bacteria [26]. Pseudomonas 
aeruginosa and S. aureus are some of 
Most of the known bacterial infections caused by E. coli, 
Pseudomonas and Staphylococcus species are contracted from 
undercooked meat or from drinking contaminated water, or from 
surface contamination of raw produce such as vegetables. Given 
that chicken droppings are applied on farm crops as manure, the 
antibiotic-resistant bacteria that persist in chicken manure can 
thus be transmitted to human through consumption of vegetables 
and under cooked meat stuffs. Large piles of aging chicken manure 
that are used as fertilizer on farm crops may fail to keep the 
microorganisms from reaching people through contaminated food 
or drinking water; however chicken manure is not treated before 
it is applied to farm fields. Consequently, the emergence of 
antibacterial resistance in food animal could be associated to the 
consumption of antimicrobials in veterinary medicine. Moreover, 
previous studies indicate that antibiotic resistant S. typhi could 
also be transmitted without selective pressure and more intricate 
mechanisms may be involved in the emergence of resistance 
among such bacteria [28, 29]. 
problematic health facility 
associated pathogens that often express multidrug resistance [27]. 
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The observed variation of type of enteric bacteria in chickens is 
largely influenced by the type of feeds and source water that the 
chickens ingest, and the amount and frequence of the antimicrobial 
agents that they have been treated with or fed along with food [30]. 
But also the variation observed in the antibiotic resistance profiles of 
the bacteria in general, could be the consequence of indiscriminate use 
of antibiotics that could have led to the development of resistance as 
antibiotic resistance genes transfer to other pathogenic bacteria 
present in the gastrointestinal tract. This process may have 
undesirable clinical implications within human and livestock 
population having contact with such resistant pathogens. In view of 
that, this study has revealed the presence of bacterial isolates resistant to 
Ampicillin, Chloramphenicol and Co-trimoxazole, which are the most 
commonly, used antibiotics in Tanzania. This becomes a threat to our 
population as these are the most affordable and thus widely used 
antibiotics. Although Gentamicin is another commonly used antibiotic, 
but resistance rate against the antibiotic is comparatively low along with 
Ciprofloxacin and Ceftriaxone; and one of the factors is their relative 
higher price that affect their easy availability, which prevents them from 
creating selective pressure among the bacteria [31]. The bacteria from 
chicken droppings have exhibited antibiotic resistance, of which some of 
them were resistant to more than two antibiotics. The Gram negative 
bacteria showed high prevalence rate of antibacterial resistance to 
Chloramphenicol and Ciprofloxacin that are drugs of choice for 
treatment of Salmonella-associated infections in Tanzania. In conclusion, 
results indicated that unless deliberate measures are immediately 
adopted, chicken rearing could become a potential source of 
antibacterial resistant microorganisms that are transmitted via the food 
chain. Therefore, indiscriminate use of antibiotics should be controlled to 
prevent them from becoming obsolete. We also call for further studies 
that will involve larger study areas with more representative samples 
size to determine the magnitude of this problem nationwide and design 
appropriate means to prevent further development and spread of 
antibiotic resistance. 
CONFLICT OF INTERESTS  
Declared None 
REFERENCES 
1. Murphy KJ, Parker B, Dyer KA, Davis CR, Coates AM, Buckley JD, 
et al. A comparison of regular consumption of fresh lean pork, 
beef and chicken on body composition: a randomized cross-
over trial. Nutrients 2014;6:682-96. 
2. Havenstein GB, Ferket PR, Qureshi MA. Carcass composition 
and yield of 1957 versus 2001 broilers when fed representative 
1957 and 2001 broiler diets. Poult Sci 2003;82
3. Panisello PJ, Rooney R, Quantick PC, Stanwell-Smith R. 
Application of food borne disease outbreak data in the 
development and maintenance of HACCP systems. Int J Food 
Microbiol 2000;59:221–34.  
:1509-18. 
4. Ukut IO, Okonko IO, Ikpoh IS, Nkang AO, Babalola TA. 
Assessment of bacteriological quality of fresh meats sold in 
Calabar metropolis. Food Chem 2010;9:89-100. 
5. Omulo S, Thumbi SM, Njenga MK, Call DR. A review of 40 years 
of enteric antimicrobial resistance research in Eastern Africa: 
what can be done better? Antimicrobial Resistance and 
Infection Control 2015;4:1. 
6. Khachatourians GG. Agricultural use of antibiotics and the 
evolution and transfer of antibiotic-resistant bacteria. Can Med 
Assoc J 1998;
7. Austin DJ, Kakehashi M, Anderson RM. The transmission 
dynamics of antibiotic–resistant bacteria: the relationship 
between resistance in commensal organisms and antibiotic 
consumption.
159:1129-36. 
 Proc R Soc London Ser B 




9. Literak I, Dolejska M, Janoszowska D, Hrusakova J, Meissner 
W, Rzyska H, et al. Antibiotic-resistant
harbouring extended-spectrum beta-lactamases 
of the CTX-M, TEM and SHV classes in faecal samples of wild 
animals in portugal. J Antimicrobial Chemother 2006;58:1311-2. 
 Escherichia 
coli 
on the Baltic sea coast of Poland. Appl Environ Microbiol 
2010;76:8126–34.
bacteria, including strains with genes encoding the 
extended-spectrum beta-lactamase and QnrS, in waterbirds 
10. Miranda JM, Mondraón AC, Martinez B, Guarddon M, Rodriguez JA. 
Prevalence and antimicrobial resistance patterns of Salmonella 
from different raw foods in Mexico. J Food Prot 2009;72:966. 
  
11. Moussa IM, Gassem MA, Al-A A Doss, Sadik WM, Mawgood A. A 
molecular techniques for rapid detection of Salmonella
12. Adetunji VO, Isola TO. Antibiotic resistance of 
 
serovars in frozen chicken and chicken products collected from 
Riyadh. Biotechnol 2010;9:612-9.  
Escherichia coli, 
Listeria and Salmonella
13. Sakaridis I, Soultos N, Iossifidou E, Koidis P, Ambrosiadis I. 
Prevalence and antimicrobial resistance of Salmonella serovars 
from chicken carcasses in northern Greece. 
 from retail meat tables in Ibadan 
municipal abattoir. Biotechnol 2011;10:5795-9.  
Ewing 5th
14. Hao H, Cheng G, Iqbal Z, Ai X, Hussain HI, Huang L, et al. 
Benefits and risks of antimicrobial use in food-producing 
animals. Antimicrobial Res Chemother
 edition. 
Poultry Nutrition; 2011. p. 1963-284. 
 2014;
15. Garcia-Migura L, Hendriksen RS, Fraile L, Aarestrup FM. 
Antimicrobial resistance of zoonotic and commensal bacteria in 
Europe: the missing link between consumption and resistance 
in veterinary medicine. Vet Microbiol
5:288. 
 
16. Cheesbrough M. District Laboratory Practice in Tropical 
Countries. Part 2. 2nd ed. Cambridge University Press: The 
Edinburgh Building, Cambridge, CB2 8RU; 2006.  
2014;170:1-9. 
17. CLSI-Clinical Laboratories Standards Institute. Performance 
Standards for Antimicrobial Susceptibility Testing; Sixteenth 
Informational Supplement. Wayne, PA: CLSI; 2006. 
18. Akinjogunla OJ, Enabuelele OI. Virulence factors, plasmid profiling 
and curing analysis of multidrug resistant Staphylcococus aureus 
and coagulase negative Staphylococcus spp. isolated from patients 
with acute otitis media. J Am Sci 2010;6:1022-33. 
19. Osundiya OO, Oladele RO, Oduyebo OO. Multiple antibiotic 
resistance indices of Pseudomonas and Klebsiella species 
isolates in Lagos University teaching hospital. Afr J Clin Exp 
Microbiol 2013;14:164-8.  
20. Mthembu MS. The usefulness of multiple antibiotic resistance 
indexing technique in differentiating faecal coliform bacteria from 
different sources. Thesis (Msc) University of Zululand; 2008. 
21. Shallcross LJ, Davies D SC. Antibiotic overuse: a key driver of 
antimicrobial resistance. Br J General Practice 2014;64:604-5. 
22. Howard SJ, Hopwood S, Davies SC. Antimicrobial resistance: a 
global challenge. Sci Transl Med 2014;6:236ed10. 
23. Adeyanju GT, Ishola O. Salmonella and Escherichia coli 
contamination of poultry meat from a processing plant and 
retail markets in Ibadan (Nigeria). SpringerPlus 2014;3:139.  
24. Rossolini GM, Arena F, Pollini S. Novel infectious diseases and 
emerging gram-positive multi-resistant pathogens in hospital 
and community acquired infections. In: 
25. Cardoso T, Almeida M, Friedman ND, Aragão I, Costa-Pereira A, 
Sarmento AE, et al. Classification of healthcare-associated 
infection: a systematic review 10 years after the first 
proposal.
Antimicrobials. 
Springer Berlin Heidelberg; 2014. p. 11-28. 
 
26. Miranda JM, Vázquez BI, Fente CA, Velázquez JB, Franco CM. 
Evolution of resistance in poultry intestinal Escherichia coli 
during three commonly used antimicrobial therapeutic 
treatments in poultry. Poultry Sci 2008;87:1643-8. 
BMC Med 2014;12:40. 
27. Graham JP, Evans SL, Price LB, Silbergeld EK. Fate of antimicrobial-
resistant enterococci and staphylococci and resistance 
determinants in stored poultry litter.
28. Ajayi AO, Egbebi AO. Antibiotic sucseptibility of salmonella 
typhi and klebsiella pneumoniae from Poultry and local birds in 
Ado-Ekiti, Ekiti-State, Nigeria. Ann Biol Res 2011;2:431-7. 
 Environ Res 2009;109:682-9. 
29. Thong KL, Modarressi S. Antimicrobial resistant genes 
associated with Salmonella from retail meats and street foods. 
Food Res Int 2013;44:2641-26. 
30. Ezekiel CN, Olarinmoye AO, Oyinloye JA, Olaoye OB, Edun AO. 
Distribution, antibiogram and multidrug resistance in 
Enterobacteriaceae from commercial poultry feeds in Nigeria. 
Afr J Microbiol Res 2011;5:294-301. 
31. Wouafo M, Nzouakeu A, Kinfack JA, Fonkoua FC, Ejenguele G, 
Ninje G, et al. Prevalence and antimicrobial resistance of 
Salmonella serotypes in chickens from retail markets in 
Yaounde (Cameroon). Microb Drug Resist 2010;16:171-6. 
 
